groups increasing amounts of non-bacterial matter were found, while in the faeces of the other groups virtually only bacteria were seen.
The aim of this study was to 'normalize' GF mice with a cultured microflora from a 'normal' mouse. In earlier experiments we tried to achieve 'normalization' of GF mice by inoculating combinations of bacterial strains, isolated from the intestines of 'normal' mice (Welling, Groen, Tuinte, Koopman & Kennis, 1980; Koopman, Welling, Huybregts, Mullink & Prins, 1981; Koopman et al., 1983a) . These trials were unsuccessful, only partial 'normalization' being achieved. Contrasting results were obtained by Syed, Abrams & Freter (1970) Freter & Adams (1972) who succeeded in 'normalizing' GF mice with bacteria obtained from 'normal' mouse intestines.
A mixed culture of bacteria grown from the 10-7 dilution of the caeca of adult animals did not 'normalize' GF mice (Koopman, Mullink, Prins, Welling & Hectors, 1982a; Koopman et al., 1982b) or l-day-old chickens (Schneitz, Seuna & Rizzo,?, 1981) . The direct administration of the 10-dilution of a 'normal' mouse caecum also failed to 'normalize' GF mice (Itoh & Mitsuoka, 1980; Koopman et al., 1982b) suggesting that 'normalizing' bacteria are only present in lower dilutions of caecal contents. Cultures of low dilutions 'normalized' GF mice on the basis of relative caecal weight and colonization resistance (Koopman et al., 1982b) . Similar results were described in chickens (Schneitz et al., 1981) .
In this study the influence of microflora cultured from a range of dilutions of caecal contents on 8 intestinal parameters is examined.
Materials and methods
Animals 2 SPF male Swiss/Cpb:SE mice provided the intestinal bacteria (Koopman & Janssen, 1974) . The mice were fed RMH-B diet (Hope Farms, Linschoten, The Netherlands).
Male GF Swiss/Cpb:SE mice maintained in plastic isolators were used for the inoculation experiments. The mice were fed irradiated (3'4 Mrad) SRM diet (Hope Farms).
Culture
Mice were killed by cervical dislocation and introduced to an anaerobic glove box as described earlier (Koopman, van Oeveren & Janssen, 1973) , (Kooi en Teygeler, B.V., The Netherlands).
Cultures were made from the caeca, homogenized in broth as described earlier (Koopman et al., 1983a) . lO-fold dilutions were prepared and 0·1 ml from the 10-dilutions was spread on the surface of agar plates (Koopman et al., 1983a) . The agar plates were incubated for 7 days anaerobically. Following incubation the growth was harvested and suspended in the same broth as used for homogenizing.
Association
The GF mice were inoculated 3 times by the oral and rectal routes at intervals of 5 days. 4 weeks after the last inoculation the mice were sacrificed and examined. GF mice housed with an SPF mouse for 4 weeks, were used as controls.
Intestinal parameters Colonization resistance (CR).
The CR was determined by giving the mice a 10-7 suspension of Escherichia coli. After 5 days the faecal concentration of E. coli was determined in the mice and the CR expressed as lOlog n E. coli per g faeces.
Values < 10 2 were expressed as 1.
Relative caecal weight (RCW).
The caeca were removed and weighed with their contents. The wet weights were expressed as a percentage of total bodyweight.
Histology. The villus: crypt ratio (VCR) of the ileum was determined as described earlier (Koopman et al., 1981) . IgA-producing cells in the jejunum and ileum wall were measured as described earlier (Koopman et al., 1982a) . The indices 189 presented in Table 1 were calculated from the summated scores within a group of mice (scores were rated 1 to 5) divided by the number of animals in that particular group.
(3-Aspartyl glycine. Faecal supernatants (50 J.Ll) were subjected to high-voltage paper electrophoresis on Whatman 3 MM chromatography paper at pH 3' 5 for 60-90 min at 3000 V, following methods described previously (Welling & Groen, 1978; Welling, 1982) .
Volatile fatty acids (VFA) and non-volatile fatty acids (NA)
. These were measured as described earlier (Koopman et al., 1981) . The results are based on a pooled sample obtained from 8 mice.
The following acid concentrations were determined; acetic acid (C2), propionic acid (C3), isobutyric acid (i-C4), n-butyric acid (C4), isovaleric acid (i-Cs), n-valeric acid (Cs), n-caproic acid (C6), oxalic acid (ox), phenylacetic acid (ph), succinic acid (su), fumaric acid (fu), malic acid (rna) and I-lactate (I -lac).
Faecal bile acids. These were determined as described by Koopman et al. (I 981) .
Scanning electron microscopy (SEM).
Portions of the ileum and a faecal pellet from all experimental groups were prepared for SEM. The methods were described by Koopman et al. (l982b) . Table 1 . Values of 5 intestinal parameters in GF mice associated with different microfloras (n = 8)
Colonization resistance* 10 log E. coli/g faeces 7·43±0·79 7 ·87 ± 1·64 3·37 ± 1·19 1·00 ± 0·00 1·00 ± 0·00 Rela tive caecal weight* 3·36 ± 0·70 2·23 ± 0·84 1·48 ± 0·31 1·40 ± 0·41 1-16 ± 0·20 Villus: crypt ratio in jejunum* 5·21 ± 1·15 6·16 ± 0·98 5·26 ± 0·75 4·19 ± 0·88 4·15 ± 0·88 Villus: crypt ratio in ileum* 4·47 ± 1·12 3·75 ± 0·56 4·02 ± 0·67 3·31 ± 0·62 2·77 ± 0·60 IgA-producing cells in jejunumt
IgA-producing cells in ileumt 2·29 ± 0·76 2-38 ± 0·52 1·88 ± 0·35 3·63 ± 0·74 4·00 ± 0·93 Relative l3-aspartyl glycine concentration (arbitrary units) 2·87 ± 1·36 NO** NO NO NO *Means ± SD tThe indices presented were calculated from the summated scores (based on 5 classes), divided by the number of animals. **Not detectable. ( Fig. 2) . The filamentous bacteria were also present in the GF + 10- Table 2 . The values of the GF + 10-and GF + SPF group were the same. The other groups showed lesser values. VF A and NA levels are presented in Table 3 .
The GF + 10-5 group showed a relatively low level of VFA, while no clear differences existed between the other groups. Of the NA, the GF + 10-7 group showed a relatively high level of succinic acid, while the other groups revealed no clear difference.
The comparative values of all parameters are presented in Fig. 1 . Only minor differences existed between the GF + SPF group and the GF + 10-1 group. The other groups deviated more or less from the GF + SPF group.
Figs 2 and 3 are SEM photographs of ileum and faeces. The filamentous segmented bacteria are present in the GF + SPF group. The faeces of this group contained a large mass of fusiform bacteria Bar eq uaIs 1 ",m.
of all experimental groups. In the GF + 10-7 group the non-bacterial matter was predominant.
Discussion
With the technique of anaerobic culturing under ultra-low oxygen conditions, we succeeded in obtaining a micro flora which was able to 'normalize' GF mice. Only the culture from the 10-1 dilution of caecal contents was suitable to obtain complete 'normalization'.
It was found that the total VF A concentrations in the faeces of the groups GF + 10-3 , GF + 10-1 and GF + SPF were similar. However, the values of the individual VF As differed considerably from each other though the cause of these variations is unclear.
The concentration of VFAs in the faeces of GF + SPF mice showed an intermediate value between the results of 2 other studies (Koopman et aI., 1982a; Koopman et at., 1983a) . Apparently the concentrations can vary within wide limits in normal animals so that VF A concentrations are of limited value in assessing the degree of 'normalization' after inoculation of the micro flora. It is not certain whether all the bacterial species responsible for the 'normalization' process had multiplied during the process of culturing. It is possible 'that certain important bacterial species can survive on the agar plates for 1 week without multiplying. This point needs further investigation. The method described here can be used when a suitable microflora is needed for laboratory animals. With selective decontamination Enterobacteriaceae or other (potential) pathogens can be eliminated from the donor animals without disturbing the CR (Waaij, 1968; Waaij & Berghuis-de Vries, 1974) . In. this way it may be possible to culture a microflora without pathogens.
'Normalization' experiments with GF mice using pure cultures from 'normal' mouse intestines give contradictory results. Syed et at. (1970) achieved 'normalization' of GF mice with 140 bacterial isolates, Freter & Abrams (1972) This implies that 'normalization' of GF animals can be achieved only by a large variety of micro-organisms. Environmental factors, such as the composition of the diet, can also influence the 'normalization' (Freter & Abrams, 1972) .
'Normalization' with low dilutions suggests that bacteria living in relatively small numbers in the, caecum are important. These bacteria may have a direct effect on the 'normalization' by producing certain biologically active substances.
It is also possible that an indirect effect exists: certain bacteria present in low levels change the environment in such a way that other essential bacteria can find a suitable habitat.
An interesting observation is that the segemented filamentous bacterium commonly found in the ileum of mice is found in the ex-G F mice associated with the cultured 10-1 dilution of a caecal suspension (Davis & Savage, 1974; Blumershine & Savage, 1978) (Fig. 2) . It is not certain that the bacterium is cultured; it is possible that the organism had survived during 1 week on the agar plates. Culturing of this organism has not so far proved possible though attempts are in progress to culture it in vitro. Only the experimental group containing this organism (GF + 10- 1 ) was 'normal' on the basis of the 8 parameters examined. The filamentous organisms may be involved in the 'normalization' process.
The faecal microflora studied by SEM revealed less clear information. Large quantities offusiformshaped organisms, characteristic for a 'normal' flora of the hind-gut of mice could be seen in all experimental groups. However, in the groups GF + 10-5 and GF + 10-7 an increase of non-bacterial matter was seen. This is characteristic of mice with an 'incomplete' flora (Koopman, Kennis, Stadhouders & de Boer, 1983b) . Thus the examination by SEM of faecal pellets provides some additional information which can be studied with the results of the other parameters, to assess the degree of 'normalization' .
